Cell-type specific tumorigenesis can be induced in transgenic mice by the directed expression of simian virus 40 (SV 40) large tumour antigen (TAg). In an attempt to determine the susceptibility of haploid male germ cells to neoplastic transformation by this oncogene, transgenic mice were generated that harboured a chimeric gene composed of the SV40 T antigen genes fused to the 2.3-kb 5 flanking sequences of the rat proacrosin gene. It was previously shown that this regulatory sequence is able specifically to direct the expression of CAT reporter gene in male germ cells with the onset of translation in early haploid male germ cells. The transgene showed regulated expression in male germ cells. Although T antigen immunostaining was detected specifically in spermatids, no testicular pathology was observed. This indicates that spermatids show no susceptibility to transformation by oncogene TAg. However, in about 10% of animals of two independent transgenic lines, we could find non-testicular tumours in abdomen with a sarcoma-like structure in advanced age which showed SV40 TAg expression.
INTRODUCTION
Mammalian spermatogenesis is a complex pathway consisting of a variety of distinct biological events, including proliferation and differentiation of spermatogonia, meiotic division, chromosome condensation, production and displacement of sperm-specific proteins, as well as morphogenesis of mature sperm. Spermatogenesis encompasses three phases of germ cell development, namely from spermatogonia to spermatocyte to spermatid. All of the different germ cell types are constitutively present in the testis of the adult male and different cell types appear in different time in testicular development (McCarrey, 1993) . Therefore spermatogenesis presents an excellent model system to study cell commitment, proliferation and differentiation.
It has been shown that transgenic mice bearing various sequences of the simian virus 40 TAg offer a model system to study the multi-stage process of neoplasia. In conjunction with a variety of cell type-specific transcriptional regulatory elements, directed expression of TAg in transgenic mice often leads to tissue-specific neoplasia (Brinster et al., 1984; Thomas et al., 1996; Bosse et al., 1997; Wikenheiser et al., 1997) . In an attempt to study the susceptibility of male germ cells to transformation we have started different experimental approaches. In this paper we report the susceptibility of haploid male germ cells to transformation by simian virus 40 large tumour antigen (TAg). We used the 2.3-kb 5 flanking region of proacrosin gene to direct the expression of TAg in male germ cells. Transgenic approaches have been used previously to demonstrate that 2.3-kb rat proacrosin 5 flanking region is sufficient to confer male germ cell specific expression of CAT reporter gene (Nayernia et al., 1992; Nayernia et al., 1994) . The CAT gene is first transcribed in pachytene spermatocytes, while enzymatic activity is first detected in early haploid spermatids. We have generated different transgenic mice lines with fusion gene prACRII-TAg which *To whom the correspondence should be addressed. contains 2.3-kb 5 flanking region of rat proacrosin gene and the coding sequences of SV40 TAg. Although the prACRII-TAg transgene is expressed in spermatids, no testicular pathology was observed. This indicates that the haploid male germ cells show no susceptibility to transformation by SV40 TAg.
MATERIALS AND METHODS

Plasmid construction and transgenic mice
The basic molecular biological experiments were performed according to established protocols (Maniatis et al., 1982) The 5 flanking regulatory sequences of the rat proacrosin gene (prACRII) was fused to the SV40 early region coding sequences. The 2.3-kb HindIII/PstI fragment encompassing the regulatory sequences (prACRII) was ligated to the 2.7-kb BamHI/BamHI SV40 fragment which contains large T and small t antigens (Reddy et al., 1979) in a Bluescript vector. For microinjection, the prACRII-TAg fragment was isolated free of vector sequences by digestion with SalI/NotI and purified after gel electrophoresis by binding to glass beads (BIO 101, Inc., La Jolla, CA). The fragment was quantitated and diluted to concentration of 3 g/ml in injection buffer consisting of 10 m Tris, pH 7.4, and 0.2 m EDTA. The DNA was injected into the pronulei of fertilized one cell mouse embryos derived from matings of NMRI mice (Hogan et al., 1986) . The injected embryos were implanted into NMRI or CD-1 pseudopregnant hosts. Genomic DNA was isolated from a small portion of tail and analysed for the integration of the transgene by Southern blot (Hogan et al., 1986) .
RNA analysis
Total RNA was isolated by the RNA isolation reagent (BIOMOL, Hamburg, Germany) and 20 g of each sample was electrophoresed in a 1% agarose gel containing formaldehyde. Northern blot analysis was performed as described previously (Nayernia et al., 1994) . Membranes were hybridized with a 32 P-labelled TAg DNA probe. For integrity of RNA, the membranes were rehybridized with a human elongation factor II DNA probe. This gene is ubiquitously expressed in wide variety of tissues and is conserved between human and mouse. For reverse-transcription polymerase chain reaction (RT-PCR) analysis 5 µg of total RNA were dissolved in water, heat-denaturated (94 C, 2 min), and reverse-transcribed at 37 C for 1 h using Superscript kit (Life Technologies, NY). After reverse transcription, the volume was increased to 100 l with water and cDNA was extracted using phenol/chloroform. The whole RT reaction was amplified in a final volume of 50 l containing 0.2 m each dNTP, 1  each TAg sequence specific primers (upstream primer: 5 -CAG TTG CAT CCC AGA AGC CTC-3 , downstream primer: 5 -TTG AGA GTC AGC AGT AGC CTC-3 ), 0.5 l Taq polymerase and Taq polymerase buffer. 'No template' and 'no reverse transcriptase' controls were run for each experiment to rule out template contamination in reaction components or DNA contamination in RNA samples, respectively, as a source of positive amplification signals. After gel electrophoresis of PCR products, the gels were blotted and membranes were hybridized with a TAg DNA probe. To test the RNA in each sample, the products of each reverse transcriptase reaction were subjected to 30 cycles of PCR to amplify a fragment of mouse S16 RNA using specific primers (upstream primer: 5 -AGG AGC GAT TTG CTG GTG TGG A-3 , downstream primer: 5 -GCT ACC AGG CCT TTG AGA TGG A-3 ).
Immunostaining of testis sections
Testes were fixed in 3.7% paraformaldehyde, dehydrated in graded alcohols, and embedded in paraffin wax. Dewaxed 4-m sections were treated with SP-0025-TUF3 (Dianova, Hamburg, Germany) and thereafter treated with 1% H 2 O 2 in methanol to block endogenous peroxidase and incubated overnight at 4 C after addition of mouse monoclonal anti-TAg antibody (Dianova). Immunoperoxidase staining was performed using UniTect detection system (Dianova). Indirect immunofluorescence was performed using reagents and suggested protocols of an immunofluorescence kit from 5Prime-3Prime, Inc. (Hertfordshire, U.K.).
Western blot analysis
Proteins were extracted from minced testis and kidney fragments with SEM buffer (0.32  sucrose, 1 m EDTA, 0.1% -mercaptoethanol). After boiling for 10 min and centrifugation at 14,000 g, tissue lysates (50 g/lane) were submitted to 10% polyacrylamide gel electrophoresis. Proteins were transferred to PVDF membranes (Boehringer Mannheim) and TAg protein was detected using BM chemiluminescence western blotting detection kit (Boehringer Mannheim) and anti-TAg mono-clonal antibody (Oncogene research products, Cambridge, MA). After incubation with antimouse IgG, the membranes were washed with TBS-T (20 m Tris-HCl, 500 m NaCl, pH 7.5 and 0.1% Tween-20), incubated in chemiluminescent detection reagents for 1 min at room temperature, and exposed to X-Omat films (Eastman Kodak Co., Rochester, NY).
RESULTS
Production of transgenic mice
A 5.0-kb SalI/NotI fragment containing the rat proacrosin promoter region and coding sequences of SV40 TAg (Fig. 1) was injected into pronuclearstage embryos. A 2.7-kb TAg sequence was used to identify transgenic animals. Four transgenic mice were identified among the 42 pups born. The founders were crossed with NMRI mice to generate four founder lines (ALT53, ALT54, ALT138 and ALT 202). These animals were mated with NMRI mice for an additional generation, and obligate hemizygous F3 progeny from each line were brother sister mated to produce animals homozygous for the transgene. DNA from progeny of these crosses was probed with 2.7-kb TAg probe, and the relative intensities, measured densitometrically, were used to identify homozygous animals (data not shown). Putative homozygotes identified in this manner were outcrossed to produce more progeny. A male and female that produced only transgenic offspring with these outcrosses were selected to establish the homozygous lines used in this study. Analysis of DNA from the four transgenic lines ALT53, ALT54, ALT138 and ALT202 indicated that 4, 8, 10 and 16 copies of transgene (prACRII-TAg) were randomly integrated in the genome as tandem repeats, respectively.
Testis and developmental specific expression of transgene
To search for the organs in which T antigen is expressed, we prepared total RNA of the various organs obtained from adult mice (4-6 months) and subjected to the Northern blot and RT-PCR analysis. TAg expression was detected only in the testis (Fig. 2 ). We analysed a wide variety of tissues for the expression of TAg by RT-PCR analysis. A PCR product was found only in testis (data not shown). During postnatal development in the male mouse, some germ cells in the testicular tubules begin to advance towards the first meiosis at about the same time. The first spermatocytes in meiotic prophase would be observed between days 10 and 12 after birth. Between days 10 to 12, the most advanced cells observed are in mid-pachytene; at 15 to 17 days, 30% of tubules contain cells in late pachytene, and at 20 to 22 days, spermatids are observed for the first time in about 35% of tubules (Austin et al., 1982) . Thus, by analysing the testis at different times during the first 3 weeks of life, an indication can be obtained of developmental stage at which a transcript is first formed. RNA isolated from testes of 10-, 15-, 20-and 25-day-old mice of the transgenic lines ALT202 were analysed by RT-PCR method using SV40 T antigen specific primers. No expression was detected in testes from days 10 mice, but 5 days later T antigen transcripts were apparent (Fig. 3) . This profile of expression corresponds to the appearance of endogenous proacrosin transcripts during the spermatogenic cell differentiation and is indicative of late pachytene-specific transcription (Nayernia et al., 1996) . Thus, the rat proacrosin promoter sequences contained within the prACRII-TAg fusion gene allow correct developmental timing of expression in the testis.
To identify the cell populations which show the TAg mRNA expression, we performed indirect immunoperoxidase staining using a monclonal anti-TAg antibody. As can be seen in Figure 4 , positive staining was observed in the central seminiferous lumen containing the spermatids (Fig. 4) . In control experiments, when non-transgenic mice were stained with the primary and secondary antibodies (data not shown) or when positive transgenic mice were stained with only secondary labeled antibody, no staining signals were detected in the testes (Fig. 4) .
To explore more precisely the expression of TAg in testis, protein extracts from testes in different postnatal ages of transgenic line ALT202 were analysed by Western blot analyses using anti-TAg monoclonal antibody. TAg protein was detected specifically in testis of adult transgenic mice (Fig.  5) . No TAg protein was observed in kidney and in testes of 10 and 15 old transgenic mice (Fig. 5) 
Effects of SV40 TAg expression
In both transgenic lines (ALT138 and ALT202) which expressed prACRII-TAg in spermatids, no germ-cell abnormality was observed. Males and females of these two transgenic lines developed non-testicular tumours when they became old (15 to 18 months) with an incidence of 9-12% (four of 43 mice in ALT138 line and six of 51 mice in ALT202 line). The tumours developed in the abdomen and showed sarcoma-like histological features. To examine the association between tumour formation and TAg expression in two independent transgenic lines, we isolated RNA from tumour tissues and analysed the RNA using RT-PCR technique. All tumours showed expression of SV40 TAg (Fig. 6) . T-antigen protein was also detected by immunofluorescence staining in tumour sections (Fig. 7) . The tumour formation could be explained if regulatory region of proacrosin gene was active in tumour cells. To test this possibility, tumours were analysed for endogenous proacrosin expression. By RT-PCR analysis, no amplification was detected with tumour-derived RNA of transgenic lines ALT138 and ALT202 using specific primers for mouse proacrosin gene (data not shown). We also showed previously that prACRII-CAT transgene including CAT reporter gene as well as 2.3-kb 5 -flanking sequence is expressed at high level exclusively in haploid male germ cells.
To assess proliferation potential of germ cells expressing SV40 TAg in vitro, spermatocytes and spermatids from homozygous transgenic lines ALT138 and ALT202 were isolated and were placed in culture with and without a monolayer of immortalized Sertoli cells (Rassoulzadegan et al., 1993) and monitored by frequent phasemicroscopy. In separated germ cells, TAg transcripts were detected using RT-PCR analysis. After 10 days no germ cells were observed in culture. This indicates that spermatids expressing SV40 TAg can not be propagated in vitro. It can be concluded from these results that postmeiotic male germ cells show no susceptibility neither to immortalization nor to transformation by SV40 TAg oncogene. cells. We previously reported that a transgene containing the CAT reporter gene flanked by 2.3-kb fragment of 5 sequence of rat proacrosin gene and SV40 TAg polyadenylation signal is expressed at high level exclusively in male germ cells (Nayernia et al., 1992) . To determine the oncogenic potential of SV 40 T antigen in haploid germ cells, prACRII-TAg fusion gene was constructed and tested for activity in transgenic mice. This fusion gene is transcribed at the first time in pachytene spermatocytes and proacrosin-TAg fusion mRNA is translated in spermatids. However, a TAg activity is also displayed in tumours, which developed in advanced age in prACRII-TAg transgenic mice. Neither the endogenous proacrosin gene nor proacrosin transgenes described previously are transcribed in non-testicular tissues. The expression of prACRII-TAg in tumour cells may be the consequence of the recognition of novel regulatory elements generated by the juxaposition of prACRII and SV 40 sequences in the afflicted cell types. The ectopic expression of TAg gene in transgenic mice under control of tissue specific promoter was also reported by other investigators (Behringer et al., 1988) . Another explanation for tumour formation in prACRII-TAg transgenic mice is the arrest of some germ cells during germ cell development (Buehr, 1997) . In human, germ cell tumours were found in the testis and ovary and also at extragonadal sites (Mostofi et al., 1973; Friedman 1981a, b) . One of the explanations of germ cell tumours of extragonadal origin in human could be the arrest and surviving of primordial germ cells during embryonic development. How these primordial germ cells survive and what function they serve in these processes is unknown. It is possible that ectopic expression or overexpression of an oncogene in human and ectopic expression of SV40 T antigen in prACRII-TAg promote the surviving of arrested primordial germ cells. We clearly show in this study that the first TAg transcripts are found in pachytene spermatocytes, whereas the TAg protein was detected in early spermatids. In spite of it, no testicular pathology was observed. It is generally assumed that the process of immortalization by large T antigen represents a first step toward cell transformation (Hamburger, 1977) . The question remains why SV40 TAg cannot immortalize the postmeiotic male germ cells. Differentiated haploid germ cells are definitively withdrawn from the cell cycle. In some cell types, proliferation and differentiation could be incompatible for mechanistic reasons, for instance, the loss of elements essential for cell division in differentiated cells. However, in most cases evidence is accumulating in favour of a controlled switch between both processes. The regulatory interactions which lead to the choice between cell division and differentiation are only beginning to become unraveled. During mammalian spermatogenesis, an important difference between proliferated cells and differentiated cells is drastic changes in chromatin structure and gene expression (Hecht et al., 1993) . Expression of many genes included those which are necessary for SV40 TAg immortalizing and transforming activities is downregulated. Further studies employing transgenic mice harboring SV40 TAg sequences fused to other male germ cell specific promoters will help to throw some light on the susceptibility of testicular germ cells in different differentiation stages to transformation by SV40 large T tumour antigen. 
DISCUSSION
